The aim of this study was to the evaluation of frequency and distribution of Serratia marcescens in the hospital departments and determination of antimicrobial resistance of the isolated strains. 
Introduction
Serratia marcescens is opportunistic pathogen causing nosocomial infection. The organism has been implicated abroad range of infections including respiratory tract, bloodstream, central nervous system, urinary tract and epiglottitis [1] [2] .
Patients most at risk are those in intensive care units who are subjected to medical devices, especially central venous catheters, and those treated with broad-spectrum antimicrobial drugs [3] . The first description of nosocomial infection caused by Serratia marcescens was Wheat's report of 11 cases over a 6-month period in 1951 at Stanford University Hospital [4] . Infections caused by this organism have been reported with increasing frequency since 1960 [5] . Serratia marcescens has expressed the ability to survive and grow under extreme conditions, including in disinfectants, antiseptics and double-distilled water [6] . Serratia can be easily spread in the nosocomial environment and contaminate medical equipment, instruments, commercial fluids, disinfectants and dispensers [1] . Poor adherence to hand hygiene of healthcare staff is also implicated in infections and outbreaks [7] . Multidrug resistance of serratia strains poses another serious threat for patient, restricting therapeutic options.
Serratia spp. constitutively possesses chromosomally encoded, inducible AmpC-lactamases, and may acquire plasmid-mediated extended-spectrum-lactamases (ESBLs). Therefore, they have the ability to develop resistance to many lactam antibiotics [8] [9] . Patients with S. marcescens infections often receive empirical antimicrobial agents before information about antimicrobial susceptibility becomes available. The empirical antimicrobial agents used often include extended-spectrum-lactam drugs, such as third-and fourth-generation cephalosporin's, and carbapenems. Several studies have demonstrated that multidrug-resistant strains of S. marcescens can cause serious nosocomial infections [10] [11] . In the current study we analyzed the distribution of Serratia marcescens strains in the Al-Noor Specialist Hospital in the western part of Saudi Arabia, and evaluated the risk factors of outbreak of Serratia marcescens and their resistance to the antibiotics, and the importance of continuous monitoring of nosocomial infection.
Methods
The study was conducted at a Al-Noor Specialist Hospital in the western part of Saudi Arabia. Retrospectively, the medical records of patients who were diagnosed with Serratia marcescens infection were reviewed and data were extracted. The analysis included all isolates of Serratia marcescens from hospitalized patients Involving 61 patients, in the different wards of the Hospital involved in this study. Serratia marcescens strains in our study were isolated from various clinical specimens, wound swabs (26) , blood cultures (26), fluid (3), sputum (15) , urine culture (7), catheter (2), and throat swab (2) within the period from 1/11/2012 to 1/11/2013. The microbiology laboratory had performed identification of Serratia marcescens based on conventional biochemical testing according to the CLSI (Clinical Laboratory Standard Institute) [12] and the species confirmation were conducted by Microscan for automated bacterial identification testing system. And the interpretative criteria established by the Clinical Laboratory Standards Institute (CLSI) guidelines [13] . Antimicrobial susceptibility testing was performed by Microscan for automated bacterial susceptibility testing system, bacterial inoculated were prepared by suspending the freshly grown bacteria in normal sterile saline adjusted to a 0.5 McFarland standard. Antimicrobial susceptibility was determined for ampicillin, Cefepime, Ceftazidime, Piperacillin/Tazobactam, Tetracycline, Gentamycin, Amikacin, Cefoxitin, Cefotaxime, Imipenem, Ciprofloxacin, Meropenem, Trimethoprim/ Sulfamethoxazole, Tigecycline, Moxifloxacin, Fosfomycin and Ertapenem. The statistical data were analyzed by descriptive statistical values (statistical measures of counting-frequencies, percentages).
Results
A total of 81 Serratia marcescens strains were isolates from 61 patients hospitalized in the different hospital wards. Serratia marcescens infections were registered in ICU [21%] followed by male medical [18 The strains were identified with current phenotypic methods and antibiotic susceptibility patterns. The isolated showed resistance of, ampicillin (97.5%), Cefoxitin (90%), Tetracycline (86%), Piperacillin/Tazobactam (63%), Moxifloxacin (60%), Ceftazidime (59%), Fosfomycin (58%) and Tigecycline (53%). Isolates remained susceptible to, Imipenem (85%), Meropenem (73%), Gentamycin (69%), Amikacin (67%), Cefepime (67%), Trimethoprim/Sulfamethoxazole (59%), Ertapenem (57%), Ciprofloxacin (51%) and Cefotaxime (41%) ( Table  3) .
The most active antibiotic being Imipenem and Meropenem. Resistance to other tested antibiotics was variable with significantly higher resistance to ampicillin, cefoxitin and Tetracycline. The most common infections caused by Serratia marcescens the hospital were wound and blood stream infections (64%), followed by pneumonia (18.5%). 
Discussion
In our study, 81 Serratia marcescens were isolated. During the study from 61 patients hospitalized in the different hospital wards. There have been initially analyzed the frequency of isolation of the Serratia marcescens strains from various biological products from patients hospitalized in 2013. Serratia marcescens more frequently etiological involved in blood stream infections, wounds infections, followed by the infections of lower respiratory tract and urinary tract infections. Rarely, Serratia marcescens was isolated from peritoneal, pleural and joint fluids. Previous studies demonstrated variable distribution of Serratia marcescens in different hospital wards. Over the last 40 years, Serratia marcescens has become important cause of nosocomial infections. There have been many reports concerning the identification, antibiotic susceptibility, pathogenicity and epidemiological investigation of this microorganismism [14] - [16] . Outbreaks have been described in a variety of clinical settings and different environmental sources have been identified as reservoirs. Several studies described infections caused by Serratia marcescens associated with contaminated disinfectants and antiseptics [17] . Bosi et al. reported outbreak of Serratia marcescens infection in the neurosurgery intensive care unit due to contamination of hexetidine solutions [18] . Patients with Serratia marcescens respiratory tract infections may become colonized with Serratia marcescens after instrumentation, reported outbreaks being associated with contaminated bronchoscopes [19] . Serratia marcescens is able to colonize the hospital environment and equipment, having a predilection for growth in moist areas. Soaps, distilled water, sponges, irrigating fluids and hand lotions have been implicated as a source in previous reports [20] . The antibiotic susceptibility pattern observed in our study is in accordance with some previous studies. All Serratia marcescens isolates in the current study were susceptible to Imipenem and Meropenem to high degree. Resistance to Gentamycin, Amikacin, trimethoprim/sulfamethoxazole, Cefepime, Ertapenem, Ciprofloxacin, Cefotaxime and Ceftazidime were variable degrees. The resistance was higher with Ampicillin, Cefoxitin and Tetracycline. The wide distribution of Serratia strains in different hospital wards illustrated by this study as also the various localizations of the infections produced by these strains are in accordance with other published results of similar studies [21] - [24] . Like in the case of other multidisciplinary hospitals, there have been found different levels of resistance to various antibiotics, the most active antibiotic being imipenem [25] - [27] . Serratia infections may be difficult to treat as they may exhibit multidrug resistance. Spread of these resistant strains poses a significant threat among hospitalized patients. Nosocomial infections with multidrug resistant organisms (MDROs) are a major cause of morbidity and mortality. A lot of patients were colonized with MDROs on admission, indicating the importance of screening on admission to intensive care units (ICUs). Screening on admission allows early detection and limits dissemination of these strains with application of appropriate control measures. The factors which predispose colonization and infection with MDROs are most often transmitted among patients by the hands of personnel. So, it was suggested that permanent control of personnel is necessary [28] . Our findings were identical with some results on the studies in the world and different with others. But the resistance of bacteria to antibiotics rises in all the studies that have been made. Making it an important source of infection in hospitals must be addressed and control for not increasing the spread of these infections. 2) The resistance of Serratia marcescens to antibiotics was high, excepting imipenem [14%] that proved to be a reserve antimicrobial for the infections with these strains. For aminoglycosides, the resistance was in the case of gentamicin [31%] but there were also been found strains resistant to amikacin [33%] . For all antimicrobials currently used in the treatment of urinary infections the percentages of resistant Serratia marcescens were high.
Conclosions
3) The obtained results indicate the importance of identifying Serratia marcescens as a significant agent of nosocomial infections and of the detection of multi-drug-resistant strains that could cause therapeutic difficulties.
4) Early implementation of infection prevention and control measures, including adequate decontamination of chest tube drainage devices between each patient, controlled the extent of the outbreak promptly.
5) Strict adherence to appropriate infection prevention and control standards is essential to avoid transmission of this organism in the healthcare environment.
